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57 ABSTRACT

A hierarchical power management circuit includes N power
management circuits respectively included in N power
domains each including at least one intellectual property (IP),
wherein N is a natural number greater than one. The i-th
(1<i<N) power management circuit from among the N power
management circuits manages supply of power to an (i+1)th
power domain from among the N power domains in response
to a power management request signal output from a first
power management circuit from among the N power manage-
ment circuits.

19 Claims, 5 Drawing Sheets
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HIERARCHICAL POWER MANAGEMENT
CIRCUIT, POWER MANAGEMENT METHOD
USING THE SAME, AND SYSTEM ON CHIP
INCLUDING THE HIERARCHICAL POWER
MANAGEMENT CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119(a)
from Korean Patent Application No, 10-2010-0092487 filed
on Sep. 20, 2010, the disclosure of which is hereby incorpo-
rated by reference in its entirety.

BACKGROUND OF THE INVENTION

Example embodiments relate to a power management cir-
cuit, and, more particularly, to hierarchical power manage-
ment circuits that are distributed in a plurality of power
domains and are capable of managing supply of power to each
of'the power domains and the operations of intellectual prop-
erties (IPs) respectively formed in the power domains, a
power managing method using the same, and a system on chip
(SoC) including the hierarchical power management circuits.

A mobile SoC may need to reduce power consumption. In
general, the mobile SoC includes a power management cir-
cuit built therein.

The power management circuit reduces power consump-
tion of the mobile SoC by using a method of stopping an
operation of a circuit installed in the mobile SoC or blocking
power provided to the mobile SoC. However, because power
is always provided to the power management circuit, power
consumption of the power management circuit increases
when the power management circuit has a complex structure.

SUMMARY OF THE INVENTION

The present inventive concept provides hierarchical power
management circuits distributed and installed in a plurality of
power domains, respectively, so as to reduce power consump-
tion of the hierarchical power management circuits, a power
managing method using the same, and a system on chip (SoC)
including the hierarchical power management circuits.

According to an aspect of the present inventive concept,
there is provided a hierarchical power management circuit
comprising N power management circuits respectively
installed in N power domains each comprising at least one
intellectual property (IP), wherein N is a natural number
greater than one, wherein an i-th (1<i<N) power management
circuit from among the N power management circuits man-
ages supply of power to an (i+1)th power domain from among
the N power domains in response to a power management
request signal output from a first power management circuit
from among the N power management circuits.

The i-th power management circuit manages an operation
of the at least one IP included in the i-th power domain in
response to an operation management request signal output
from the first power management circuit. The first power
management circuit and the i-th power management circuit
transmit and receive data to and from each other by using an
asynchronous interface. The asynchronous interface uses a
handshake method.

According to another aspect of the present inventive con-
cept, there is provided a hierarchical power managing method
comprising receiving, by a power management circuit
included in an i-th power domain from among N power
domains each comprising a power management circuit, a

20

25

35

40

45

50

2

power management request signal from a power management
circuit included in a first power domain from among the N
power domains, wherein N is a natural number greater than
one, and i is greater than 1 and less than N; and managing, by
the power management circuit installed in the i-th power
domain, supply of power to an (i+1)th power domain from
among the N power domains in response to the power man-
agement request signal.

The hierarchical power managing method further com-
prises managing, by the power management circuit included
in the i-th power domain, an operation of an IP included in the
i-th power domain in response to an operation management
request signal output from the power management circuit
included in the first power domain.

The power management circuit included in the first power
domain and the power management circuit installed in the i-th
power domain transmit and receive data to and from each
other by using, an asynchronous interface. The asynchronous
interface uses a handshake method.

According to another aspect of the present invention, there
is provided an SoC comprising N power domains each com-
prising at least one IP, wherein N is a natural number greater
than one; and N power management circuits installed in the N
power domains, respectively, wherein an i-th (1<i<N) power
management circuit from among the N power management
circuits manages supply of power to an (i+1)th power domain
from among the N power domains in response to a power
management request signal output from a first power man-
agement circuit from among the N power management cir-
cuits.

According to another aspect of the present invention, there
is provided a mobile device comprising the SoC and a power
supply, which supplies power to the SoC.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will be
more clearly understood from the following detailed descrip-
tion taken in conjunction with the accompanying drawings in
which:

FIG. 1 is a block diagram of a mobile device including a
system on chip (SoC) having a hierarchical power manage-
ment circuit, according to an exemplary embodiment of the
present inventive concept;

FIG. 2 is an internal block diagram of the SoC having the
hierarchical power management circuit illustrated in FIG. 1,
according to an exemplary embodiment of the present inven-
tive concept;

FIG. 3 is an internal block diagram of the SoC having the
hierarchical power management circuit illustrated in FIG. 1,
according to another exemplary embodiment of the present
inventive concept;

FIG. 4 is a flowchart of a power managing method accord-
ing to an exemplary embodiment of the present inventive
concept; and

FIG. 5 is a flowchart of a power managing method accord-
ing to another exemplary embodiment of the present inven-
tive concept.

DETAILED DESCRIPTION

Exemplary embodiments now will be described more fully
hereinafter with reference to the accompanying drawings.
The exemplary embodiments may, however, be embodied in
many different forms and should not be construed as limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
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and complete. In the drawings, the size and relative sizes of
layers and regions may be exaggerated for clarity. Like num-
bers refer to like elements throughout.

It will be understood that when an element is referred to as
being “connected” or “coupled” to another element, it can be
directly connected or coupled to the other element or inter-
vening elements may be present. In contrast, when an element
is referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments present. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items and may be abbreviated as /.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
elements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first signal could be termed a second signal, and,
similarly, a second signal could be termed a first signal with-
out departing from the teachings of the disclosure.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting. As used herein, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,”
or “includes” and/or “including” when used in this specifica-
tion, specity the presence of stated features, regions, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, regions, integers, steps, operations, elements, compo-
nents, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which the exemplary embodiments belong. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and/or the present application, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

FIG. 1 is a block diagram of a mobile device 10 including
a system on chip (SoC) 100 having a hierarchical power
management circuit, according to an exemplary embodiment
of the present inventive concept, and FIG. 2 is an internal
block diagram of the SoC 100 having the hierarchical power
management circuit illustrated in FIG. 1, according to an
exemplary embodiment of the present inventive concept.

Referring to FIGS. 1 and 2, the mobile device 10 includes
the SoC 100 and a power source 300. The mobile device 10
encompasses a device capable of being implemented by using
a data processing device, such as a mobile phone, a tablet
personal computer (PC), a net-book, an e-reader, a personal
digital assistant (PDA), a portable multimedia player (PMP),
an MP3 player, an MP4 player, or portable device.

The power source 300 plays a role of supplying power
VDD to the SoC 100, and may be implemented by using a
chargeable battery built in the mobile device 10. The SoC 100
includes a plurality of power domains, namely, first, second,
third, and fourth power domains 110, 130, 150, and 170, that
are connected between a power line supplying the power
VDD and a ground GND.

Here, a power domain denotes a domain including at least
one intellectual property (IP) that shares an identical power
line. The IP may denote a function block designed to have an
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independent function during designing of an integrated cir-
cuit, for example, the IP may denote a semiconductor design
module.

For example, the IP may be implemented by using a central
processing unit (CPU), a memory, a memory controller, a
camera for acquiring image data, driver, audio module, video
module, an image signal processor for processing the image
data acquired by the camera, or the like.

Although the four power domains, namely, the first, sec-
ond, third, and fourth power domains 110, 130, 150 and 170,
are illustrated in FIG. 2 for convenience of explanation, more
than or less than four power domains may be included accord-
ing to the design specification.

The first power domain 110 among the first, second, third,
and fourth power domains 110, 130, 150, and 170 is an
uppermost power domain to which power is always supplied
during an operation of the SoC 100.

Each of the second power domain 130, the third power
domain 150, and the fourth power domain 170 is a lower
power domain of the first power domain 110, and denotes a
power domain to which power may be supplied according to
a determination or operation of a first power management
circuit PMUI1 included in the first power domain 110.

In other words, “upper” and “lower” in an upper power
domain and a lower power domain are relative concepts, and
the upper power domain and the lower power domain are
distinguished from each other according to which one is able
to manage the power supply.

For example, when a second power management circuit
PMU2 within the second power domain 130 manages supply
of power to the third power domain 150, the second power
domain 130 is an upper power domain of the third power
domain 150 and the third power domain 150 is a lower power
domain of the second power domain 130.

Referring back to FIG. 2, the first, second, third, and fourth
power domains 110, 130, 150, and 170 have a hierarchical
structure because they are upper or lower power domains.

The hierarchical structure denotes a structure in which the
first, second, third, and fourth power management circuits
PMU1, PMU2, PMU3 and PMU4 are distributed and
installed in the first, second, third, and fourth power domains
110, 130, 150, and 170, respectively, and a power manage-
ment circuit installed in an upper power domain, for example,
the first power management circuit PMU1, manages supply
of power to a lower power domain, for example, the second
power domain 130.

How to distribute and arrange the first, second, third, and
fourth power management circuits PMU1, PMU2, PMU3,
and PMU4 in the first, second, third, and fourth power
domains 110, 130, 150, and 170 may be determined accord-
ing to which function each of the first, second, third, and
fourth power management circuits PMU1, PMU2, PMU3,
and PMU4 performs.

The respective functions of the first, second, third, and
fourth power management circuits PMU1, PMU2, PMU3 and
PMU4 may be classified into two types. The two types are a
function of managing supply of power to a lower power
domain (function 1), and a function of managing an operation
of at least one IP existing in the same or lower power domain
(function 2).

For example, a function of turning on/off supply of power
to a processor or a function of determining whether to supply
or not supply power to a specific power domain corresponds
to the function 1, and a function of determining whether to run
or stop a clock generator or whether to operate an internal bus
existing in the SoC 100 corresponds to the function 2.
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Accordingly, the first, second, third, and fourth power man-
agement circuits PMU1, PMU2, PMU3 and PMU4 form a
hierarchical structure and may be distributed and arranged in
the first, second, third, and fourth power domains 110, 130,
150, and 170, respectively, while satisfying the following
conditions to perform the two functions, namely, the func-
tions 1 and 2.

First, a power management circuit that performs the func-
tion 1 needs to be installed or embodied in an upper power
domain of a power domain that undergoes power manage-
ment. Second, a power management circuit that performs the
function 2 needs to be installed in a power domain identical to
or upper relative to a power domain that includes an IP that
undergoes operation management. A hierarchical power
managing method according to an exemplary embodiment of
the present inventive concept of FIG. 2 will now be described
based on the above description.

The first power domain 110 includes the first power man-
agement circuit PMUL, a first IP DEV1, and a register 120.
The second, third, and fourth power domains 130, 150, and
170 include the second, third, and fourth power management
circuits PMU2, PMU3, and PMU4, respectively, and second,
third, and fourth IPs DEV2, DEV3, and DEV4, respectively.

Although each of the first, second, third, and fourth power
domains 110, 130, 150 and 170 includes one IP in FI1G. 2 for
convenience of explanation, each of the first, second, third,
and fourth power domains 110,130, 150 and 170 may include
a plurality of IPs according to the design specification.

The first power domain 110 is a domain to which power is
always supplied during an operation of the SoC 100, and thus
is an upper power domain of the second power domain 130.
The first power management circuit PMUT installed or laid
out in the first power domain 100 may manage supply of
power to the second power domain 130 or an operation of the
first IP DEV1 formed in the first power domain 110 in
response to an externally input command, and may transmit
second, third, and fourth power management request signals
Sreq2, Sreq3 and Sreq4 and second, third, and fourth opera-
tion management request signals Ereq2, Ereq3 and Eregd4,
respectively, to the second, third, and fourth power manage-
ment circuits PMU2, PMU3 and PMU4.

The externally input command may denote a command
received from an [P formed in the first power domain 110, for
example, the first IP DEV1, denote a command received from
a CPU installed in the first, second, third, or fourth power
domain 110, 130, 150, or 170, or denote a change of a specific
signal level which is sensed from the first power domain 110.

The first power management circuit PMU1 may transmit
the second power management request signal Sreq2 or the
second operation management request signal Ereq2 to the
second power management circuit PMU2, the third power
management request signal Sreq3 or the third operation man-
agement request signal Ereq3 to the third power management
circuit PMU3, and the fourth operation management request
signal Ereq4 to the fourth power management circuit PMU4
according to the externally input command. At this time, the
first power management circuit PMUT refers to information
stored in the register 120 to respond to the externally input
command.

The register 120 may store information indicating the inter-
nal status of the SoC 100, for example, whether power is
being supplied to each of the second, third, and fourth power
domains 130, 150, and 170 or whether each of the first,
second, third, and fourth IPs DEV1, DEV2, DEV3, and
DEV4 installed in the first, second, third, and fourth power
domains 110, 130, 150, and 170 is operating. Thus, the first
power management circuit PMU1 may refer to the register
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120 to respond to the externally input command and may
perform a necessary operation. According to an embodiment
of'the present invention, the first I[P DEV1 may be a real time
clock or an input/output (I/O) pad.

Although the register 120 and the first power management
circuit PMU1 are separated from each other in FIG. 2, the
register 120 may be included in the first power management
circuit PMU1 according to the design specification.

The second power domain 130 includes the second power
management circuit PMU2 and the second IP DEV2.

The second power domain 130 is an upper power domain of
the third power domain 150, and thus the second power man-
agement circuit PMU2 manages supply of power to the third
power domain 150 in response to the second power manage-
ment request signal Sreq2 output from the first power man-
agement circuit PMUL. In other words, the second power
management circuit PMU2 supplies a second switching sig-
nal S2 to a second switch SW2 connected between the third
power domain 150 and the power line supplying the power
VDD to manage an on/off operation of the second switch
SW2.

The second power management circuit PMU2 manages an
operation of the second IP DEV2 formed in the second power
domain 130 in response to the second operation management
request signal Ereq2 output from the first power management
circuit PMU1. In other words, the second power management
circuit PMU2 may manage the operation of the second IP
DEV2 by transmitting a second operation management signal
E2 to the second IP DEV2. According to an embodiment of
the inventive concept, the second IP DEV2 may be a periph-
eral circuit, for example, a timer or a watchdog timer.

The third power domain 150 includes the third power man-
agement circuit PMU3 and the third IP DEV3. The third
power domain 150 is an upper power domain of the fourth
power domain 170, and thus the third power management
circuit PMU3 manages supply of power to the fourth power
domain 170 in response to the third power management
request signal Sreq3 output from the first power management
circuit PMUI.

In other words, the third power management circuit PMU3
supplies a third switching signal S3 to a third switch SW3
connected between the fourth power domain 170 and the
power line supplying the power VDD to manage an on/off
operation of the third switch SW3. The third power manage-
ment circuit PMU3 also manages an operation of the third IP
DEV3 formed in the third power domain 150 in response to
the third operation management request signal Ereq3 output
from the first power management circuit PMU1. In other
words, the third power management circuit PMU3 manages
the operation of the third IP DEV3 by transmitting a third
operation management signal E3 to the third IP DEV3.

According to an embodiment of the present inventive con-
cept, the third IP DEV3 may be a display driver, a camera
module, an audio codec, a moving image accelerator, or a
CPU.

The fourth power domain 170 includes the fourth power
management circuit PMU4 and the fourth IP DEV4.

The fourth power management circuit PMU4 manages an
operation of the fourth IP DEV4 formed in the fourth power
domain 170 in response to the fourth operation management
request signal Ereq4 output from the first power management
circuit PMUL. In other words, the fourth power management
circuit PMU4 manages the operation of the fourth IP DEV4
by transmitting a fourth operation management signal E4 to
the fourth IP DEV4.

Although not illustrated in FIG. 2, when the fourth power
domain 170 has a lower power domain, similar to the descrip-
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tion of the first, second, and third power domains 110, 130,
and 150, the fourth power management circuit PMU4 may
control supply of power to the lower power domain in
response to the fourth power management request signal
Sreq4 output from the first power management circuit PMUI.

Because the first, second, third, and fourth power domains
110, 130, 150, and 170 are physically separated from one
another, the first, second, third, and fourth power domains
110, 130, 150, and 170 may use different types of logic cells.

Accordingly, circuits or logic formed in different power
domains, for example, power management circuits or IPs,
may transmit and receive data to and from one another by
using an asynchronous interface. The asynchronous interface
may denote hardware for performing asynchronous data
communications, or may denote a functional or structural
combination of the hardware and a software for driving the
hardware.

For example, the asynchronous interface may denote a
logical or functional unit of a program code and/or a hardware
resource for allowing the program code to be performed. In
other words, the asynchronous interface does not necessarily
denote a physically connected memory, which stores program
code or does not denote one type of hardware.

Although not illustrated in FIG. 2, the asynchronous inter-
face may be formed in a circuit formed in each of the first,
second, third, and fourth power domains 110, 130, 150, and
170, for example, in each of'the first, second, third, and fourth
power management circuits PMU1, PMU2, PMU3, and
PMU4 or each of the first, second, third, and fourth IPs DEV1,
DEV2, DEV3, and DEV4.

Accordingly, the first, second, third, and fourth power man-
agement circuits PMU1, PMU2, PMU3, and PMU4 or the
first, second, third, and fourth IPs DEV1, DEV2, DEV3, and
DEV4 may transmit and receive data to and from one another
by using the asynchronous interface, respectively. For
example, the first power management circuit PMU1 formed
in the first power domain 110 may transmit and receive datato
and from the third power management circuit PMU3 or the
third IP DEV3 installed or laid out in the third power domain
150, by using the asynchronous interface.

According to an embodiment of the present inventive con-
cept, the asynchronous interface may use a request-acknowl-
edge handshake method.

Accordingly, the register 120 may store, in real time, infor-
mation indicating the internal status of the SoC 100, for
example, whether power is being supplied to each of the
second, third, and fourth power domains 130, 150, and 170 or
whether each of the first, second, third, and fourth IPs DEV1,
DEV2, DEV3, and DEV4 installed in the first, second, third,
and fourth power domains 110, 130, 150, and 170 is operating
by using the request-acknowledge handshake method.

FIG. 3 is an internal block diagram of the SoC 100 having
the hierarchical power management circuit illustrated in FIG.
1, according to another exemplary embodiment of the present
inventive concept. Because the respective structures of the
first, second, third, and fourth power domains 110, 130, 150,
and 170 and a data transceiving unit formed between the first,
second, third, and fourth power domains 110, 130, 150, and
170 in the SoC 100 of FIG. 3 are substantially the same as
those described above with reference to FIGS. 1 and 2, a
detailed description thereof will be omitted.

An operation managing method according to another
embodiment of the present inventive concept will now be
described with reference to FIG. 3. It is assumed that the first,
second, and third switches SW1, SW2, and SW3 connected
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between the second, third, and fourth power domains 130,
150, and 170 and the power line supplying the power VDD are
all turned on.

The first power management circuit PMU1 manages an
operation of the second IP DEV2 by providing the second IP
DEV2 formed in the second power domain 130 with a fifth
operation management signal E5. The second power manage-
ment circuit PMU2 manages an operation of the third IP
DEV3 formed in the third power domain 150 in response to a
fifth operation management request signal Ereq5 received
from the first power management circuit PMUI1. Also, the
second power management circuit PMU2 manages the opera-
tion of the third IP DEV3 by transmitting a seventh operation
management signal E7 to the third IP DEV3.

The third power management circuit PMU3 manages an
operation of the fourth IP DEV4 formed in the fourth power
domain 170 in response to a sixth operation management
request signal Ereq6 received from the first power manage-
ment circuit PMU1. Also, the third power management circuit
PMU3 manages the operation of the fourth IP DEV4 by
transmitting an eighth operation management signal E8 to the
fourth IP DEV4.

Although not illustrated in FIG. 3, when the fourth power
domain 170 has a lower power domain, similar to the descrip-
tion of the first, second, and third power domains 110, 130,
and 150, the fourth power management circuit PMU4 may
manage an operation of an IP formed in the lower power
domain in response to a seventh operation management
request signal Ereq7 received from the first power manage-
ment circuit PMUI.

FIG. 4 is a flowchart of a power managing method accord-
ing to an exemplary embodiment of the present inventive
concept. FIG. 4 will now be described on the premise that the
SoC 100 is in a normal mode, for example, the first, second,
and third switches SW1, SW2 and SW3 are all turned on and
provide power to all of the first, second, third, and fourth
power domains 110, 130, 150 and 170.

Referring to FIGS. 1, 2, and 4, in the normal mode, the first
power management circuit PMUT transmits the fourth opera-
tion management request signal Ereq4, which indicates stop-
page of the operation of the fourth IP DEV4, to the fourth
power management circuit PMU4, and the fourth power man-
agement circuit PMU4 provides the fourth operation manage-
ment signal E4 to the fourth IP DEV4 in response to the fourth
operation management request signal Ereqd, in operation
S10.

Next, the first power management circuit PMU1 transmits
the third power management request signal Sreq3, which
indicates turning-off of power to the fourth power domain
170, to the third power management circuit PMU3, and the
third power management circuit PMU3 provides the third
switching signal S3 to the third switch SW3 in response to the
third power management request signal Sreq3, in operation
S20. Thus, power is not provided to only the fourth power
domain 170 from among the first, second, third, and fourth
power domains 110, 130, 150, and 170. This state is referred
to as a first sleep mode.

In the first sleep mode, the first power management circuit
PMUI1 transmits the third operation management request sig-
nal Ereq3, which indicates stoppage of the operation of the
third IP DEV3, to the third power management circuit PMU3,
and the third power management circuit PMU3 provides the
third operation management signal E3 to the third I[P DEV3 in
response to the third operation management request signal
Ereq3, in operation S30.

Next, the first power management circuit PMU1 transmits
the second power management request signal Sreq2, which
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indicates turning-off of power to the third power domain 150,
to the second power management circuit PMU2, and the
second power management circuit PMU2 provides the sec-
ond switching signal S2 to the second switch SW2 inresponse
to the second power management request signal Sreq2, in
operation 540.

Thus, power is not provided to the third and fourth power
domains 150 and 170 from among the first, second, third, and
fourth power domains 110, 130, 150, and 170. This state is
referred to as a second sleep mode.

In the second sleep mode, the first power management
circuit PMU1 transmits the second operation management
request signal Ereq2, which indicates stoppage of the opera-
tion ofthe second IP DEV2, to the second power management
circuit PMU2, and the second power management circuit
PMU2 provides the second operation management signal E2
to the second IP DEV2 in response to the second operation
management request signal Ereq2, in operation S50.

Next, the first power management circuit PMU1 provides
the first switching signal S1 to the first switch SW1, in opera-
tion S60. Thus, power is provided to only the first power
domain 110 from among the first, second, third, and fourth
power domains 110, 130, 150, and 110. This state is referred
to as a maximum sleep mode.

Although only the power managing method in which the
normal mode is converted into the maximum sleep mode is
illustrated in FIG. 4, a power managing method in which the
maximum sleep mode is converted into the normal mode is
substantially the inverse of the former power managing
method, and thus a detailed description thereof will be omit-
ted.

FIG. 5 is a flowchart of a power managing method accord-
ing to another exemplary embodiment of the present inven-
tive concept. The power managing method of FIG. 5 will now
be described on the premise that the SoC 100 is in the normal
mode described with reference to FIG. 4.

Referring to FIGS. 1, 2, and 5, in the normal mode, the first
power management circuit PMU1 transmits the fourth opera-
tion management request signal Ereq4, which indicates stop-
page of the operation of the fourth IP DEV4, to the fourth
power management circuit PMU4, and the fourth power man-
agement circuit PMU4 provides the fourth operation manage-
ment signal E4 to the fourth IP DEV4 in response to the fourth
operation management request signal Ereqd, in operation
S110.

Next, the first power management circuit PMU1 transmits
the third operation management request signal Ereq3, which
indicates stoppage of the operation of the third IP DEV3, to
the third power management circuit PMU3, and the third
power management circuit PMU3 provides the third opera-
tion management signal E3 to the third I[P DEV3 in response
to the third operation management request signal Ereq3, in
operation S120. Next, the first power management circuit
PMUI1 transmits the second operation management request
signal Ereq2, which indicates stoppage of the operation of the
second IP DEV2, to the second power management circuit
PMU?2, and the second power management circuit PMU2
provides the second operation management signal E2 to the
second IP DEV2 in response to the second operation man-
agement request signal Ereq2, in operation 5130.

Next, the first power management circuit PMU1 transmits
the third power management request signal Sreq3, which
indicates turning-off power to the fourth power domain 170,
to the third power management circuit PMU3, and the third
power management circuit PMU3 provides the third switch-
ing signal S3 to the third switch SW3 in response to the third
power management request signal Sreq3, in operation S140.
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Next, the first power management circuit PMU1 transmits
the second power management request signal Sreq2, which
indicates turning-off power to the third power domain 150, to
the second power management circuit PMU?2, and the second
power management circuit PMU2 provides the second
switching signal S2 to the second switch SW2 in response to
the second power management request signal Sreq2, in opera-
tion S150, Next, the first power management circuit PMU1
provides the first switching signal S1 to the first switch SW1,
in operation S160.

In a hierarchical power management circuit, a power man-
aging method using the hierarchical power management cir-
cuit, and a SoC including the hierarchical power management
circuit, power management circuits are respectively distrib-
uted and arranged in a plurality of power domains and are
capable of managing supply of power to each of the power
domains and the operations of IPs respectively formed in the
power domains so that power consumption of the power
management circuits may be reduced.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood that various changes in form and
details may be made therein without departing from the spirit
and scope of the following claims.

What is claimed is:

1. A hierarchical power management circuit, comprising:

N power management circuits respectively included in N

power domains each comprising at least one intellectual
property (IP), wherein N is a natural number greater than
three,

wherein an i-th (1<i<N) power management circuit from

among the N power management circuits manages sup-
ply of power to an (i+1)th power domain from among the
N power domains in response to a power management
request signal output from a first power management
circuit from among the N power management circuits
and directly received by the i-th power management
circuit from among the N power management circuits,
wherein the first management circuit directly communi-
cates with each of the remaining power management
circuits among the N power management circuits.

2. The hierarchical power management circuit of claim 1,
wherein the i-th power management circuit manages an
operation of the at least one IP included in the i-th power
domain in response an operation management request signal
output from the first power management circuit.

3. The hierarchical power management circuit of claim 1,
wherein the first power management circuit and the i-th
power management circuit transmit and receive data to and
from each other by using an asynchronous interface.

4. The hierarchical power management circuit of claim 3,
wherein the asynchronous interface uses a handshake
method.

5. A system on chip (SoC) comprising:

N power domains each comprising at least one IP, wherein

N is a natural number greater than three; and

N power management circuits included in the N power

domains, respectively,

wherein an i-th (1<i<N) power management circuit from

among the N power management circuits manages sup-
ply of power to an (i+1)th power domain from among the
N power domains in response to a power management
request signal output from a first power management
circuit from among the N power management circuits
and directly received by the i-th power management
circuit from among the N power management circuits,
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wherein the first power management circuit directly com-
municates with each of the remaining power manage-
ment circuits among the N power management circuits.

6. The SoC of claim 5, wherein the i-th power management
circuit manages an operation of the at least one IP included in
the i-th power domain in response to an operation manage-
ment request signal output from the first power management
circuit.

7. The SoC of claim 6, wherein the first power management
circuit and the i-th power management circuit transmit and
receive data to and from each other by using an asynchronous
interface.

8. The SoC of claim 7, wherein the asynchronous interface
uses a handshake method.

9. A mobile device comprising:

the SoC of claim 5; and

wherein the power supply supplies power to the SoC.

10. The mobile device of claim 9, wherein the i-th power
management circuit manages an operation of the at least one
1P included in the i-th power domain in response to an opera-
tion management request signal output from the first power
management circuit.

11. The mobile device of claim 10, wherein the first power
management circuit and the i-th power management circuit
transmit and receive data to and from each other by using an
asynchronous interface.

12. A hierarchical power management circuit, comprising:

N power management circuits respectively included in N

power domains each comprising at least one intellectual
property (IP), wherein N is a natural number greater than
three,

wherein an i-th (1<i<N) power management circuit from

among the N power management circuits manages an
operation of the at least one IP included in an (i+1)th
power domain from among the N power domains in
response to an operation management request signal
output from a first power management circuit from
among the N power management circuits and directly
received by the i-th power management circuit from
among the N power management circuits,
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wherein the first power management circuit directly com-
municates with each of the remaining power manage-
ment circuits among the N power management circuits.

13. The hierarchical power management circuit of claim
12, wherein the i-th power management circuit manages sup-
ply of power to the (i+1)th power domain from among the N
power domains in response to a power management request
signal output from the first power management circuit.

14. The hierarchical power management circuit of claim
12, wherein the first power management circuit and the i-th
power management circuit transmit and receive data to and
from each other by using an asynchronous interface.

15. The hierarchical power management circuit of claim
14, wherein the asynchronous interface uses a handshake
method.

16. The hierarchical power management circuit of claim
12, wherein the first power management circuit comprises a
register that holds at least one of first status information
indicating whether power is supplied to the power domains
other than the power domain that includes the first power
management circuit and second status information indicating
whether each of the at least one IP is operating.

17. The hierarchical power management circuit of claim 1,
wherein the first power management circuit is directly con-
nected to a power supply and the N-1 power management
circuits other than the first power management circuit are
connected to the power supply by N-1 switches, respectively.

18. The SoC of claim 5, wherein the first power manage-
ment circuit is directly connected to a power supply and the
N-1 power management circuits other than the first power
management circuit are connected to the power supply by N-1
switches, respectively.

19. The hierarchical power management circuit of claim
12, wherein the first power management circuit is directly
connected to a power supply and the N-1 power management
circuits other than the first power management circuit are
connected to the power supply by N-1 switches, respectively.

#* #* #* #* #*



